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Scoliosis seldom occurs except in childhood. Its development is closely related to spinal growth, worsening most rapidly at times of rapid growth and seldom altering after bone maturity.
It is not easy to study the relation between growth and scoliosis. Wide variations in what constitutes 'normal' growth and the lack of techniques for measuring changes in the vertebral column make any such study difficult. Radiography, though useful, is not sufficient by itself, for the abnormalities that occur in idiopathic scoliosis are not only those visible on a spinal x-ray. In an earlier study (Zorab, Harrison, and Harrison, 1968, unpublished) we concluded that the lack of vertical growth in idiopathic scoliosis was wholly due to deformity of the vertebral column, because, in the small groups studied, there was not any associated deficiency of limb growth. Duval-Beaupere (1971) reached a similar conclusion. Using tibial length as an index we found no difference in the annual growth rate among children with idiopathic scoliosis and that of normal schoolchildren of similar age. The use of physical methods to compare the growth of scoliotic with normal children, however, is neither easy nor very accurate, and this led us to seek other methods.
Collagen in its most active form is known to be contained in bone (Neuberger, Perrone, and Slack, 1951; Neuberger and Slack, 1953) . This is certainly true of rats and seems to be so in humans. The collagen turnover which accompanies skeletal change is reflected by urinary excretion of total hydroxyproline (THP) (Smiley and Ziff, 1964); Sjoerdsma et al., 1965) . This turnover is high, e.g. in conditions such as Paget's disease of bone and in rheumatoid arthritis (Smiley and Ziff, 1964) . It is also higher in normal children than in normal adults (Anderson, Bannister, and Tomlinson, 1965) . At first sight THP excretion levels may seem to be related to a child's age but this is not entirely so (Zorab, 1969) . It is, in fact, related much more closely to the rate of growth, i.e. to growth velocity and thus reaches a peak during the adolescence of every child (Jasin et al., 1962; Zorab et al., 1970) .
Taking the urinary total hydroxyproline excretion rate as an index of the turnover of bone collagen, we now show how this varies during different forms of treatment of idiopathic scoliosis.
Method
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The effect of spinal traction on bone collagen turnover is well seen in Fig. 4 . This shows that the mean THP level is increased by about half after 1 week of traction. By the end of treatment lasting up to 3 weeks, the THP had fallen to the mean pretraction level.
Spinal fusion causes a more profound and pro-16 17 and 18 longed rise in collagen turnover. It will be seen (Fig. 5) scoliosis, into the effect of spinal immobilization by plaster-of-Paris jackets on THP excretion showed no marked differences between those in and those not in plaster-of-Paris (Zorab, 1968) . The present study has been confined to those with 'idiopathic' scoliosis. The THP excretion again suggests that there is very little difference between the turnover of bone collagen in those not in plaster-of-Paris and in those treated in it for up to 2 months. Longer periods of spinal immobilization, however do produce obvious rises in THP levels. This suggests that spinal immobilization in plaster, prolonged for more than 2 months, leads to a considerable increase in the turnover of bony collagen. This may be the result of remodelling of the vertebrae.
The serial effect of spinal traction on 11 girls with idiopathic scoliosis, seen in Fig. 4 , suggests that during the first week of spinal traction there is a considerable increase in the turnover of body collagen. This may be due to the effect of initial 'stretching'. The decreased THP level in the second week may be due to the traction having a smaller effect. The maximum effect of treatment may have been achieved in the first week. After traction has ended the effect ceases altogether.
After spinal fusion the disturbance of bone collagen is seen to last for about three months. It is worth noting that in the cases studied only bone grafts were inserted. Harrington instrumentation was not used. The high postoperative THP level must be due to sharply increased bone activity during this period of repair and remodelling.
None of the foregoing explains why the THP excretion level in scoliotic children treated by physiotherapy alone remains high. This increase may be due to abnormal mechanical stresses on the spine of patients who are ambulant. It may be the result of the particularly effective and vigorous physiotherapy given at L'Institut Calot which increases further the amount of this stress. An interesting suggestion made by Brenton (1971) (Tanner, 1968 The apparent relation between the age at which scoliosis frequently worsens and the 'growth velocity' at that age suggests that the rate of growth of the vertebral column and its surrounding structures are worth careful study. X-rays, however, tend largely to reveal structural events several weeks or months after they have occurred. Urinary total hydroxyproline excretion levels reveal current biochemical changes and may thus provide a useful additional method of monitoring structural change.
The causation of idiopathic scoliosis is unlikely to be revealed by the use of any single method, but THP excretion studies at least make possible the study of bone collagen turnover. If a similar technique should become available for the study of muscle development any imbalance between growth rates of the bony vertebral column and surrounding muscles could then be shown. The development of such a technique is surely the next step in the study of idiopathic scoliosis.
